Carbonated and non-carbonated mineral water samples bottled in 0.5-L, 1.5-L and 2.0-L polyethylene terephthalate (PET) containers belonging to three different water brands commercialized in Hungary were studied in order to determine their phthalate content by gas chromatography -mass spectrometry. Among the six investigated phthalates, diisobutyl phthalate, di-n-butyl-phthalate, benzyl-butyl phthalate and di(2-ethyl-hexyl) phthalate (DEHP) were determined in non-carbonated samples as follows: 3
Introduction
Lately, due to the increasing popularity of mineral water consumption, several papers have drawn the attention to the occurrence of pollutants in bottled water that may pose a health risk to consumers. Among them, Sb and phthalates are considered to be being emerging pollutants in bottled mineral water. Phthalates are used as plasticizers to increase the flexibility of plastics such as PVC. As they are not chemically bound in plastics and such, they can be leached into the environment (Liu et al., 2008; Penalver et al., 2000; Pinto and Reali, 2009; Serôdio and Nogueira, 2006) . Moreover, phthalates are lipophilic compounds, and have been found to bio-accumulate in fats (LaFleur and Schug, 2011) . Exposure to phthalates can induce detrimental effects to human health. The larger molecular weight phthalates -di(2-ethyl-hexyl) phthalate (DEHP), di-n-butyl phthalate (DBP), diisononyl phthalate (DiNP) -are suspected carcinogens, as well as toxic to liver, kidneys (Gomez-Hens et al., 2003) and reproductive organs (Swan et al., 2005) . Di-n-butyl phthalate, benzylbutyl phthalate (BBP), DEHP are weakly estrogenic. Some metabolites of phthalates such as mono-2-ethyl-hexyl phthalate (MEHP), mono-n-butyl phthalate (MBP) and monoethyl phthalate are also capable of disturbing the hormonal activity (2001/262/EC). Thus, it was reported that endocrine disruptor activity was found in most of the examined PET-bottled water samples (Plotan et al., 2012; Pinto and Reali, 2009; Wagner and Oehlmann, 2011) . According to these reports, the oestrogenic, androgenic and progestogenic activities have not reached alarming levels. However, the safe level of glucocorticoid activity is still unknown. The tolerable daily intake (TDI) values established by the European Food Safety Authority (EFSA) panel (2013a; 2013b; 2013c) for BBP, DBP and DEHP are 500 µg/kg/bw/day, 10 µg/kg/bw/day and 50 µg/kg/bw/day, respectively. A TDI has not yet been defined for diisobutyl phthalate (DiBP) 4 as the necessary data from long-term toxicity studies with various DiBP doses are not available.
For bottled water, PET is the most widespread bottling material. Although the European Commission regulation No. 10/2011 as of 14 January 2011 does not authorize the use of phthalates for manufacturing food-contact materials, phthalates have been detected in PET material and in PET-bottled water. There are several possibilities for the occurrence of phthalates in bottled water such as: (i) quality of the raw material as well as the technology used in bottle production (Amiridou and Voutsa, 2011; Schmid et al., 2008) or perhaps chemicals used in the production process (Plotan et al., 2012 , Wu et al., 2012 ); (ii) use of recycled PET (Bach et al., 2012) ; (iii) contamination of the water sources with decomposed plastic wastes of dumps (Baram et al., 2000) ; (iv) cross-contamination in the bottling factory as phthalates are ubiquitous in the environment (Biscardi et al., 2003; Higuchi et al., 2004; Leivadara et al., 2008; Liu et al., 2008) ; (v) cap sealing resins (Hirayama et al., 2001 ) may present contamination.
As phthalates do not persist in the outdoor environment due to bio-, photo-, and anaerobic degradation, their quantitative determination is a challenging task. For this purpose, the most widespread used analytical technique is gas chromatography mass spectrometry (GC-MS) (Biscardi et al., 2003; Bošnir et al., 2007; Cao, 2008; Fierens et al., 2012) characterized by excellent detection limits in the low pg mL -1 concentration range. A sample preparation step allowing pre-concentration of the investigated phthalate esters is required (Psillakis and Kalogerakis, 2003) (Amiridou and Voutsa, 2011; Ferretti et al., 2007 and Fierens et al., 2011) , dichloromethane and pentane (Leivadara et al., 2008) , hexane (Holadova and Hajslova, 1995; Schmid et al., 2008) , ethyl acetate (Criado et al., 2005) or acetone (Biscardi et al., 2003) seems to be one the best choices as recovery values ranged between 70-100% for the most frequently occurring phthalate esters. After pre-concentration, the resulting extracts are dried with anhydrous sodium sulphate, evaporated to 1-2 mL volume and analyzed by GC-MS. Among phthalate esters occurring in soft drinks, DEHP is the most frequent and it can be determined in the highest concentration (Amiridou and Voutsa, 2011; Biscardi et al., 2003; Bošnir, et al., 2007; Schmid et al., 2008) . DBP (Bošnir et al., 2007; Cao, 2008 , Criado et al., 2005 Montuori et al., 2008) , DiBP (Cao, 2008; Fierens et al., 2012; Montuori et al., 2008) and DEP (Bošnir et al., 2007; Cao, 2008; Montuori et al., 2008) The phthalate concentration of PET bottled mineral water may vary with pH (Montuori et al., 2008) ; storage time (Biscardi et al., 2003; Criado et al., 2005) , storage temperature (30 ºC -60 ºC) (Casajuana and Lacorte, 2003; Schmid et al., 2008) and exposure to sunlight (Leivadara et al., 2008; Schmid et al., 2008) . Photolysis may be a significant pathway for abiotic degradation of phthalates in waters (Peterson, 2003) . As unequivocal conclusion from the above-mentioned studies could not be drawn, in this research, which is a complementary study of a previous report on Sb leaching by mineral water (Keresztes et al., 6 2009), a systematic study was conducted on samples of three different mineral water brands bottled in PET material. 
Samples
Systematic investigation of three mineral water brands with similar chemical composition (labelled subsequently with A, B and C) was conducted. Carbonated and non-carbonated mineral water bottled in PET containers were purchased from supermarkets. All samples were stored in an air-conditioned laboratory in the dark at 22 °C, not longer than a week prior to processing. Therefore, for the determination of the temporal distribution of phthalates, C water samples bottled in 2-L PET containers were used. For the investigation of phthalate occurrence in carbonated and non-carbonated samples, mineral water bottled in 1.5 L PET containers from all three water brands were purchased. For the contact surface study, 0.5-L, 1.5-L and 2.0-L water samples of brand C were used. For studying the effect of temperature on the leaching of phthalates, 0.5-L water samples were investigated for all three brands (A, B, and C). Water samples serving as blanks could be taken directly from the springs of the bottling companies for each brand into 1.5 L-glass bottles. Thermostation of samples at 40 °C, 50 °C and 60 °C for 24 h was achieved in a U-10 thermostat (VEB MLW, Germany) in an air-conditioned laboratory. Moreover, samples thermostated at 60 °C were further kept on standing at this temperature for additional 24 h and 48 h. The samples were analysed immediately after thermostation.
Sample preparation
First, water samples were manually homogenized and then aliquots of 480 mL were taken for subsequent liquid-liquid extraction. After setting pH=4 with cc. HCl, each sample was transferred into a 0.5-L glass separating funnel. Then 20 mL of dichloromethane was added. After this step, samples were mechanically shaken for 2 min. After the separation of the aqueous and the organic phases, the extraction was repeated twice for the same sample. Extracts were dispensed into a 100-mL beaker. These combined extracts were filtrated by passing through a layer of 6.42 g of anhydrous sodium sulphate placed over cotton wool in a small glass funnel. After filtration, this funnel was flushed with 2.5 mL dichloromethane and the resultant organic leachate was added to the filtrate. The extracts were concentrated by evaporation in the fume cupboard at 22 C. The final volume of the extracts was 2 mL. They were stored at 4 C in 4-mL tightly closed graded glass vials prior to analysis. were made accordingly to our previously developed method (Sebők et al., 2009 ). Briefly, on-column (a) injections were made at 100 ºC, and held at 100 ºC for 0.1 min, then heated to 300 ºC (200 ºC min −1 ), with a 3 min hold at 300 ºC; (b) column temperature started at 100 ºC, for 1 min, then heated up to 300 ºC with a heating ramp of 20 ºC min −1 , and a 5.5 min hold at 300 ºC. Helium was used as a carrier gas. For the full scan spectra, the acquired m/z range varied from 76 to 400. The measurements were done in selected ion monitoring mode at m/z 149. For each sample, the phthalate concentrations calculated 9 corresponded to the average of three aliquots of 480 mL taken from the same batch purchased and subjected to the sample preparation protocol described in Section 2.3.
2.5.2. Pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS)
In order to determine the phthalate content of PET bottles, Py-GC/MS experiments were Compared to the literature data, generally, the same phthalates -DiBP, DBP, BBP and DEHP -were determined in the investigated water samples like in other reports dealing with determination of phthalate content in mineral water bottled in PET (Amiridou and Voutsa, 2011; Bošnir et al., 2007; Cao, 2008; Psillakis and Kalogerakis, 2003) . However, Bošnir et al. 
Occurrence of phthalates in carbonated and non-carbonated mineral water samples
Any of the phthalates investigated in the present study could not be detected in any carbonated mineral water sample. Therefore, all our further results refer to non-carbonated water samples. This finding is in good agreement with the report of Montuori et al. (2008) who observed slightly higher concentrations for the PET-bottled non-carbonated water samples compared to carbonated water samples. Moreover, Biscardi et al. (2003) demonstrated that the concentration of DEHP reached the detection limit by leaching in a non-carbonated mineral water sample bottled in PET after a 9-month-long storage at RT; while, the occurrence of DEHP in similarly stored carbonated mineral water could be detected only in the 10 th month of storage. Carbonated and non-carbonated water samples behave in a different way. The only difference in the carbonated and non-carbonated samples investigated was the pH, which plays an important role in the acid-or base-catalysed ester hydrolysis, a slow equilibrium process at RT. Lertsirisopon et al. (2009) investigated the abiotic degradability of BBP, DBP and DEHP in the aquatic phase over a wide pH range 5-9 at RT.
The efficiency of abiotic degradation of the investigated phthalates via hydrolysis with relatively short alkyl chains, such as BBP and DBP, at neutral pH was significantly lower than that in the acidic or alkaline condition. However, the DEHP did not proceed significantly at any pH. Moreover, the polar character of the degradation products does not enhance their extraction by a non polar solvent like dichloromethane used in the present study. These findings may explain the incapability of phthalate ester detection in the carbonated samples of the present study.
3.5. The effect of the contact surface area on the phthalate concentration
15
As it was mentioned in our previous work (Keresztes et al., 2009) , the contact surface area -expressed as the surface/volume ratio -is the highest in the 0.5-L PET containers.
Thus, the phthalate concentration determined in water samples belonging to identical brand, but taken from PET containers having different volumes proved that the higher contact surface between water and PET material, the higher concentrations of DiBP, DBP, BBP and DEHP were observed. In Figure 3 , the effect of contact surface area on the DBP, DiBP, BBP and DEHP concentration in mineral water C bottled in PET material is presented. According to our results obtained at 40 °C, it seems that two antagonistic effects were acting by increasing the temperature: increase of the dissolution rate of phthalates and increase of the decomposition rate. The dissolution rate is related to diffusion, which in return is also related to the polymer structure of the bottle.
Among the phthalate leaching studies conducted at temperatures higher than RT, the work of Al-Saleh et al. (2011) investigated the phthalate concentration in mineral waters from Arabian Saudi supermarkets bottled in PET containers and stored in three different ways: (i) at 4 °C for 1 month, (ii) at RT for 2 months; (iii) outdoors (> 45 °C) for three months. The levels of DMP, DEP, BBP and DEHP in bottled waters stored at 4 °C were significantly higher than those for the other two storage modalities; whereas, the opposite trend was observed for DBP, especially when water was stored at RT. Casajuana Leivadara et al. (2008) observed the concentration of DEHP increased from the initial less than 0.5 μg L -1 to 2 µg L -1 if bottled water was stored at 24 ºC in the dark for 3 months. At the same time, DEHP was not detected in the samples when bottled waters were stored at 30 °C under outdoor conditions for 3 months. Thus, photolysis may be an important pathway for abiotic degradation of phthalates in waters (Peterson, 2003) . At increased temperatures, decomposition due to biodegradation is even more pronounced.
By investigating the phthalate concentration of water treated by solar disinfection, Schmid et al. (2008) Like in the present study, this tendency was not unequivocally proven; the results depended on the type of bottle.
Conclusions
Determination of four phthalate esters as emerging pollutants in mineral water bottled in PET containers was performed from three different mineral water brands. The applied method requires a careful selection of the procedural blanks as these contaminants are ubiquitous in the nature. According to our results, their occurrence depends strongly on the PET bottle material (virgin vs. polymer containing recycled PET), pH (carbonated vs.
non-carbonated samples), packaging volume and temperature. Therefore, the selection of the appropriate material and storage conditions play a decisive role. However, taking into consideration the maximum phthalate ester concentration of mineral water determined in the present study, the calculated TDI values proved to be not yet a thread for human health. 
